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The Treacher Collins Syndrome
A Clinical, Radiological, and Genetic Linkage Study on Two Pedigrees
Henri A. M, M a n e s , MD; Cor W. R, J. Cremers, MD; Michael J. Dixon, PhD;
Patrick L. M. Huy gen, PhD; Frank B. M. Joosten, MD
B ackgrounds The Treacher Collins syndrome (ICS) is 
an autosomal dominant hereditary syndrome with vari­
able penetrance and expression. The elinical character­
istics are the result of dysmorphogenesis of the first and 
second embryonal branchial arch systems. The gene re­
sponsible has been located on the long arm of chromo­
some 5. Treacher Collins syndrome is rare, and in 60% 
of the patients the family history is negative. Conse­
quently, only a few family studies are available. This ren­
ders it difficult to make a diagnosis and to comply with 
the increasing demand for genetic counseling. To gain 
insight into the diagnosis and variation in expression and 
penetrance of TCS, a clinical study was started followed 
by gene linkage research.
M e th o d s :  A ud io log ica l and physical tests were 
performed on 59 persons belonging to two families. In 
selected cases (11=19), vestibular and radiological 
exam inations were also conducted. Blood samples
were taken from 55  persons for gene linkage studies.
R esu lts ; The diagnosis of TCS could be made in .13 per­
sons after clinical examination. The radiological detec­
tion of zygomatic hypoplasia or aplasia played an im­
portant supportive role. In addition to the 13 persons with 
TCS mentioned above, gene linkage studies showed posi­
tive linkage to chromosome 5q32-33,2 in three persons 
with clinical nonpenetrance.
Conclusions: This is the first time nonpenetrance of TCS 
has been demonstrated convincingly. In individual cases, 
clinical examination alone cannot always remove doubts 
about the diagnosis. Therefore, gene linkage studies will 
play a decisive role. Identification of the gene respon­
sible for TCS is expected to be very useful in clinical prac-
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mi TrI’AQU-r Collins syn­
drome (TCS), or mandibu­
lofacial dysostosis, is an au­
tosomal dominant inherited 
syndrome (MIM [mende- 
lian inheritance in man] No. 154500). The 
typical features of TCS, summarized in 
T ab le  1, are the result of bilateral mor­
phogenetic disruption of the fi rst and sec­
ond branchial arches.1,2 Recently, how­
ever, unilateral and asymmetrical aspects 
have been emphasized by Wilkinson and 
Poswillo.*1 The gene for TCS is localized 
on the long arm of chrom osom e 5 /  
Treacher Collins syndrome is thought to 
arise as the result of a de novo mutation 
in 50% to 60% of cases.1 The incidence is 
estimated to range from 1 in 40 000 to I 
in 70000 live births.
Penetrance is thought to be almost 
100%. Only occasional cases where non­
penetrance is suspected have been docu­
mented .'1 in most cases of suspected TCS, 
careful examination of the obligate car­
rier frequently reveals minor stigmata of
TCS. M andibulofacial dysostosis bears 
many eponyms, originating from origi­
nal contributions by Thom son (1847)^ 
Berry (1889)/’ Treacher Collins (1900)/ 
Franceschetti and Zwahlen (1944),rt and 
Franceschetti and Klein (1949).° The En­
glish-language literature prefers “Treacher 
Collins syndrome“ as an eponyni for man­
dibulofacial dysostosis. In cases with full 
expression of the syndrome (F ig u re  1), 
TCS can be diagnosed easily on the basis 
of the  c l in ic a l  a p p e a ra n c e .  C o n s e ­
quently, genetic counseling can be given 
without any reticence. However, if only mi-
nor stigmata are present, 
provision of genetic counseling become 
more
The value of genetic linkage s tud ­
ies for in d iv idua l genetic  counse ling
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METHODS
A clinical smdy was launched involving two fami­
lies (A and B); all the family members were asked 
to cooperate via the probands (Figure 2). All sub­
jects underwent detailed otorhinolaryngological 
assessment, All subjects were tested audiologically 
by pure-tone audiometry at frequencies from 0.25 
to 8 kHz,
If TCS was diagnosed or if there was any doubt 
about the diagnosis of TCS, radio diagnosis was added 
Lo the clinical examination. This consisted of an oc­
cipitomental projection of the skull (Waters’ view, 
posteroantenor with the canthomeatal line ex­
tended 45°, with no inclination of the incident ray) 
and an orthopatuogram.
Special attention was paid to hypoplasia or apla­
sia of the zygomatic arch, changes in the mandible, 
and teniperomandibular joint abnormalities.
All the subjects (except Tor case 111-13 from fam­
ily A) who had a diagnosis of TCS based on clinical 
and radio diagnostic examination underwent vestibu­
lar tests with electronystagmography. Two subjects 
(cases II-2 and 111-10 from family A) were added to 
this group because it was obvious that their chil­
dren were affected, All the cases (n=14) were exam­
ined for evoked nystagmus and spontaneous nystag­
mus in the dark. Smooth-pursuil eye movements were 
tested, followed by optokinetic nystagmus tests. The 
vestibulo-ocular reflex was evaluated using velocity 
step tests. Caloric tests were performed only in case 
IV-1 from family B.
Blood samples were taken from 55 family mem­
bers (except: for cases IV-18, IV-19, IV-25, and V-l 
from family A) For genetic linkage studies, Methods, 
analysis, and results of this part of the study have been 
reported in detail elsewhere.10
Table 1. Features of the Treacher Collins Syndrome
Frequency, %
AntjmonpoJold slanting of the ayes
Colqboma,.frequently combined with absence1 
of eyelashes on the medial pert of 
the lower eyelid
Hypoplasia or aplasia of the zygomatic arch
Malar hypoplasia
89
Pinna dysplasia
Conductive deafness, middle ear. malformations
Meatal atresia 
Cleft palate
Preaurlcular ^Ir^rp location 
Absence of lower lacrimal puncta 
Ear appendages, preaurlcular sinus 
High arched palate 
Macrostomia, malocclusion
nasofrontal angle
Dhoanal atresia
69
89
81
78
77
50
36
28
26
?
?
?
?
?
?
?
Figure 1. Typical iippmme of ü patient with Trmclwr Collins syndrome 
(m e IV*30 from family A).
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Figure 2. Pedigrees of family A and fmity tl All family members 
cooperated in Ibis study except for case ilh 1 from family 11 Case IV-1 
from family A died in early childhood
was assessed by performing a c l in ic a l  s tudy  o n  tw n  
families with remarkable variation in TC S.
T"iiïïlwrrrniTTTTH~i.f i i" i i i  ; ï i rmn i f  l " f ~ i 1  t u t t t r r  m ( i y  )é \
A total of 39 persons from both fa m ilie s  p a r t ic ip a te d
in this study. One other person k n o w n  lo h a v e  T i  s 
(case UI-I from family 0 ) was unable to  p a rtic ip a te  
Clinical examination revealed th a t  nine p e r s o n s  
were affected with TCS (cases 11-3, 111-12, 111-13, 111 
15,111-16, 1V-24, and IV-30 from  fam ily  A a n d  c a se s  
11- L and IV-4 from family B). F ive p e rs o n s  h a d  o n ly  
minor stigmata of TCS (cases 111-7, 111-14, IV -2, IV  4 . 
and IV-5 from family A). It was n o t  possib le  to  m a k e  
the diagnosis of TCS in six persons v ia  clinical e x a m i­
nation, although TCS had been d e m o n s tra te d  o r  w as 
initially suspected in their o ffspring  (cases l f - J ,  n
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III-2, and 111-10 from family A and cases III-2 and III-3 
from family B) (Figure 3 ). Therefore, a total of 14 
persons did show (minor) stigmata of TCS, and non- 
penetrance was initially suspected in six persons. The 
features are summarized in Tab Be
In the remaining group of 39 nonaffected persons 
who underwent clinical examination and audiometry, 
three persons showed abnorm alities that were not 
thought to be related to TCS. Cases IV-9 and  IV-2I 
from family A had bilateral commissural lip pits, and 
case 111-11 had an unexplained sensorineural hearing 
loss (30 dB in the righ t ear and 25 dB in  the left 
ear, p u re - to n e  average). This norm al g ro u p  was 
excluded from fu r th e r  radiological or v e s tib u la r
Figure 3. Case 111-2 (left) and case 111-3 (right) from family B. Although 
both cases were affected, no stigmata of the Treacher Collins syndrome 
can be seen. However, aplasia o f the zygomatic arches was demonstrated 
by Waters' projection,
RADIOLOGY
Conventional roentgenograms consisting of a Waters’ pro­
jection were initially taken in 18 persons (Table 3). In 
two persons (cases III-2 and I1I-3 from family B), the di­
agnosis of TCS was strongly supported by the outcome 
of the Waters’ projection; aplasia (discontinuity) of the 
zygomatic arch was visible, in contrast to their facial ap­
pearance, which showed no signs of it (digital palpation 
was not performed). In two other cases (cases III-7 and 
III-14 from family A) with suspected TCS, the diagnosis 
could be confirmed radiologically. In six cases (cases 11- 1, 
II-2, III-2,111-10, IV-4, and 1V-5 from family A) in whom 
the diagnosis of TCS could  not be made on clinical 
grounds alone, no abnormalities could be demonstrated 
radiologically. The clinical diagnosis of TCS was made 
in nine cases, as mentioned before, and eight of these pa­
tients underwent radiological assessments; in all of these 
cases aplasia (discontinuity) of the zygomatic arch was 
present (Figure 4 ),
T em po r om an d ibu  1 ar jo in t  abnormaliLics were 
found in four cases, all of whom also had zygomatic 
arch aplasia (Table 3). Concavity of the mandíbula 
was present in six cases and corresponded with other 
radiological signs of TCS in five cases. Asymmetrical 
changes of TCS were found on conventional roent­
genograms in two cases.
The co m b in a tio n  of clinical exam ination  and 
radiological assessment provided a diagnosis in only 
13 cases. Two o th e r  cases w ith o u t any clinical or 
radiological signs of TCS (cases 11-2 and 111-10 from 
family A) cou ld  be ad d ed  to the g roup  with TCS 
because of their affected offspring. In five other cases 
with minimal stigmata, the diagnosis of TCS could not 
be excluded with certainty.
i
Case No./ 
Sex/ 
Age, y
Anti-
mongoloid
Slanting Coloboma
Malar
Hypoplasia
Mandibular
Hypoplasia
Aplasia
Zygomatic
Arch
High-Arched 
(HA) or Cleft 
(0 ) Palate
Preaurlcular
Sinus
Pinna
Dysplasia
Meatal
Atresia
Hearing 
Loss, dB|
IM /F/81 • M  J W f l »MM J ^ « 9  ƒ 1M M
Family A
m M M ■ m i  ƒ t f l r ' W M  ƒ M W
II-2/F/80 B i M  j  I I É M M B f  j  « Í M 'V M U *  ^ M & 4  J J fe r fc 50/60
II-3/F/79 +/+ / 4* 4/4 + +/+ m a  ƒ  w u r t « a i  J r m t t m 80/95
III-2/F/56 ( M > |  ƒ  | | t P ( ƒ  M m r HA  ^V i f W M n  1 ƒ ^ j  « ^ 4
III-7/M /49 j  • H M « «  j j  I m u ■I- ■i7+ HA I O I A  ƒ J
II M O /M /45 V 4 M  j  M W j J votn > 1 9 4  ƒ w . * »  ƒ u H J 50/15
llí-12/F/43 U n M  J «Jttl f t > » 4  f *1* •h/'l1 HA j  M M jpjvt
IIM 3 /M /41 4/4 4/4 4/4 4 4/4 W / l   ^V t M M l A T   ^fc-HM •rnij ƒ TOfl
IIM 4 /M /3 7 «AM j  imm !* |vi ƒ/ H I M 4 HA <!«ƒjr - ^ »w» J  fmt ^ V f  j  H V H ' 20/30
IIM 5/F /49 I M  ƒ  O l P l ƒ  P i r t * 4/4 4 + / + HA h f - t l  J  4 W * » a i d  ^  v i f t L 25/20
IIM 6 /M /4 7 4/4 4/4 4/4 4 + / + " HA v r . v a *  . w ^ i  J  « » n 50/60
IV-2/F/26 « I V «  j  l \ n « ƒ n r v t f / «4«m r  m m u A i t   ^» n / v HA J i r A »  J w m
IV-4/M/24 « m *  ƒ j J J HA 4/+ f  » i  J ƒ  M M
IV-5/M/21 - / - j  pm» j HA 4/4 lew» J M f M PM« ƒ Mrtr j  £\r+*
IV-24/F/12 4/4 j  Dm 4/4 4 +/+ HA M t j /  » » M l t A ( t  ^
IV-30/M/20 4/4 +/+ 4/4 ■I* +/+ HA +/+ +y+ +/+ 60/55
IM /F /60 4/4 4/4 4/4 4
Family B
4/+ HA 4/+ + /“ “ 90/50
III-2/F/42 ƒ M M J +/+ **** j j  M»| « l a w  ƒ I H | 1
111-3/F/41 I M j  Mt* HP** j 4/4 TUH» « M V  ƒ ƒ wvu W  M ƒ *r;ai
IV-1/M/19 4/4 4/4 4/4 4 +/+ 0 J  M M I c d J  ^ 50/50
n'ln  most columns, values are given by sides as " r ig h tV le fr ;  minus sign indicates not present; plus sign, present; and plus-or-mlnus sign, m ild  
|  Values are pure-tone averages at the following frequencies: 0,5, 1.0, and 2,0 kHz.
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Table 3. Results of Clinical and Radiological Examinations*
Case N o ./ 
Sex/ 
Age, y
Clinical
Diagnosis
Hearing
Loss
Zygomatic
Arch Concavity
Abnormality In 
Temporomandibular 
Joint
Radiological
Diagnosis Remarks
U-1/F/81 N
Family A
II-2/F/80 — + N -- — —1
II-3/F/79 + + NP NP NP NP Discomfort
III-2/F/56 — — N — >11»
III-7/M/49 ? — Aplasia + + +
ill-10/M/45 + N — «MH —
ill-12/F/43 + y 1 Aplasia + +
IIM 3/M /41 + Aplasia — +
III-14/M /37 ? Aplasia + +
IIM 5/F /49 + Aplasia «•«■4 +
IIM G /M /47 + + Aplasia «aia +
IV-2/F/26 ? — NP NP NP NP Pregnant
IV-4/M/24 ? — N + Mm
IV-5/M/21 ? — N — WN
IV-24/F/12 + Aplasia + + + Asymmetry
IV-3Q/M/20 + + Aplasia NP + +
IM /F /69 + + Aplasia
Family B
+
IU-2/F/42 tPmrn Aplasia — — t
III-3/F/41 tMH • Aplasia + -- +
IV-1/M/19 +
n
+ Aplasia + Asymmetry
* Minus sign indicates no; N, normal; plus sign, yes; NP, examination not possible; and question mark, diagnosis uncertain.
AUDIOMETRY GENE LINKAGE STUDIES
Pure-tone audiometry revealed an elevated hearing thresh­
old in nine of the 20 above-mentioned cases (Table 2). 
According to the medical history, a congenital cause was 
present in all cases except two (cases III-14 and III-15 
from family A).
The air-bonc gap (defined as the mean difference be­
tween the air-conduction and bone-conduction hearing 
levels at frequencies of 0.5,1.0, and 2.0 kHz) ranged from 
10 to 55 clB. A bone-conduction hearing level of more than 
25 dB was noticed at some frequencies but especially at 
the higher frequencies (4.0 and 8.0 kHz) in 12 of 18 ears. 
After correction forage-related hearing loss, these ears still 
showed a relevan t sensorineural hearing loss.
VESTIBULAR EXAMINATION
Spontaneous nystagmus of significant intensity ( > 6°/s) 
was not encountered in any of the cases with TCS, Gaze 
positions, saccadic an d  sm o o th -p u rsu it  eye m ove­
ments, and optokinetic nystagmus were normal in all 
cases. The caloric responses of the proband from family 
B were normal ( I 6°/s from either side).
Case 111-14 exhib ited  strong vestibular hyp ore** 
flexia that was close to areflexia. The cervico-ocular re­
flex, tested in darkness (eyes open) by sinusoidal rota­
tion of the trunk  under the head fixed in  space at an 
amplitude of 30° and a period of 10 seconds, showed en­
hancement typical of that found in subjects with a laby­
rinthine defect,
Hyperreflexia of the velocity step responses was 
found in five cases (cases 11-3,111-15, and 111-16 from fam­
ily A and cases II-1 and 11-12 from family B).
Positive gene linkage could be demonstrated in 16 of 
the 55 samples .10 None of the five cases in whom it 
was not possible to exclude the diagnosis of TCS with 
certainty showed positive linkage. However, positive 
gene linkage was demonstrated in the two cases with 
affected offspring (cases 11-2 and III-10 from family 
A), as expected. Surprisingly, one o ther person in 
whom TCS was not suspected at all showed positive 
gene linkage (case IV-23 from family A) (Figure 5). 
Additional roentgenograms of this case did not show 
any abnormalities, and the hearing thresholds were 
normal.
The combination of clinical and radiological assess­
ments and gene linkage analyses demonstrated that 16 
persons were affected with TCS. Based on the clinical ex­
amination alone, TCS was initially suspected in only nine 
of these cases.
C O M M E N T
The extensive variation in  expression of TCS is sup­
ported by the classification suggested by Franceschetti 
and Klein,'l) who distinguished between complete, in­
complete, abortive, unilateral, and atypical forms. In our 
opinion, it would be better to discriminate on the basis 
of full expression or mild expression. Full expression com­
prises at least the following features: antimongolo id slant­
ing of the eyes, coloboma, and hypoplasia of the facial 
bones. If this triad is not present, we consider the pa­
tient to show mild expression. The unilateral and atypi­
cal forms described by Franceschetti and Klein have
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Figure 4. /ip/^s/c? of zygomatic arches on Waters1 projection in case IK-12 
from family A (arrows).
features that make a diagnosis within the oculoauricu- 
lovertebral spectrum more suitable.
In cases where only minor stigmata are present, di­
agnosis and additional genetic counseling are more dif­
ficult. To detect such cases with minor expression of TCS, 
two Dutch families were invited to undergo selective clini­
cal and radiological investigation combined with gene 
linkage studies. During clinical examination, we noted 
remarkable differences in the extent or variation of ex­
pression within these two families. Radiodiagnostic tests 
proved particularly useful to confirm the diagnosis in cases 
in whom mild expression was suspected on clinical 
grounds. We chose two simple radiological examina­
tions that avoided discomfort for the participants and 
required a minimum of radiation. The most common 
abnormality and the one most easily recognizable radio- 
logically was zygomatic arch hypoplasia or aplasia. Ortho- 
pantograms can be used to demonstrate mandibular hy­
poplasia (which is difficult to quantify) and changes in 
mandibular configuration. Temporomandibular joint ab­
normalities and asymmetry can be assessed on the same 
films.
To our knowledge, there are no reports in the lit­
erature on the radiological screening of persons at risk 
for TCS, but a simple Waters’ view has proved sufficient 
to detect zygomatic arch hypoplasia in patients with a 
diagnosis of TCS.11 In the present study, the diagnosis 
of TCS could be confirmed radiologically in all the clini­
cally suspected cases. Furthermore, two additional cases 
with zygomatic arch abnormalities were delected and TCS 
was diagnosed mainly on the basis of the radiological ex-
amination results. Other features, such as temporoman­
dibular joint abnormalities and mandibular hypoplasia, 
were seen less frequently, but we were unable to quan­
tify them because of the method used in this study.
Figure 5. Case IV-23, with non pone trance o f the Treacher Collins 
syndrome.
Radiological examination also revealed bony asym­
metry in a number of cases, particularly those with less 
seri ous expression of TCS. Similar findings have been re­
ported in other studies, but usually in cases with full ex­
pression of the syndrom e .1,12
W henever a patient needs any form of surgical 
treatment, computed tomographic scanning is obliga­
tory. Audiological examination of patients with TCS is 
important because about 50% have hearing loss. This 
is nearly always conductive hearing loss resulting from 
an ossicular chain anomaly, alone or in combination 
with aural atresia. Reconstructive surgery is not rec­
ommended before the age of 10 years.13 Some forms of 
aural atresia are not suitable for surgery .13
The sensorineural component in the hearing loss 
of a few of the above-described cases was unusual, but 
similar findings have occasionally been reported in 
other studies .I‘M{1 There is no explanation for this phc- 
nomenon, although some earlier studies described his- 
topathological anom alies of the in n e r  e a r .1/,IH One 
would expect to encounter such findings in cases with 
the more serious form of TCS, not in the less seriously
cases.
The finding of vestibular hyperreactivity can be 
explained in terms of false-positive results. According 
to statistical analysis, this finding was not significant. 
In the literature, only an occasional case report pre­
sents the results of vestibu lar investigation  of TCS 
cases, but neither hyporeflexia nor hyperreflexia is 
mcntioned.l),,y’¿l,
An important observation in this study is that there 
is no impairment of the veslibulo-ocular reflex in TCS. 
This is contrary to the findings in cases with the bran- 
chio-oto-renal (BOR) syndrome, who do have hypo-
21 Sensorineural or mixed hearing loss is also 
observed more frequently in patients with the branchio- 
oto-renal syndrome.
In cases with TCS suspected on the basis of clini­
cal and/or radiological findings, the diagnosis could be 
confirmed with the aid of gene linkage studies. The 
positive gene linkage finding in case IV-23 was a sur­
prise and constitutes a clinically relevant observation, 
because nonpenetrance of TCS has never before been 
demonstrated with such clarity.
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In addition, cases II-2 and III-10 from family A dem­
onstrated  positive gene linkage ancl also n o n p e n ­
etrance. However, the diagnosis of nonpenetrant TCS was 
suspected on clinical grounds because of the affected off­
spring of these two cases. Because of absence of any trait 
in these three cases, the diagnosis of TCS cannot be made. 
It would be better to consider them affected by the TCS 
gene.
A negative family history in 60% of cases with TCS 
was always thought to be acceptable. However, the re­
sults of the present study cause us to cloubt this. This 
doubt can also be extended to the incidence of associ­
ated symptoms, listed in Table 1.
The occurrence of nonpenetrance and the fact that 
a number of affected cases had such mild expression is 
of great importance for genetic counseling regarding TCS. 
By making use of the gene linkage facilities currently avail­
able, it will be possible to achieve a greater level of ac­
curacy in diagnosis.
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